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The therapeutic effects of telmisartan, an angiotensin II receptor antagonist and a peroxisome proliferator-activated receptor-γ
(PPAR-γ) agonist, have been demonstrated in several disorders. It has antioxidant and immune response modulator properties
and has shown promising results in the treatment of an ischemia/reperfusion (I/R) lesion. In this study, a skeletal muscle (right
gastrocnemius muscle) I/R lesion was induced in rats and different reperfusion times (1 h, 24 h, 72 h, 7-day, and 14-day
subgroups) were assessed. Furthermore, levels of oxidative markers such as enzymatic scavengers (catalase (CAT) and
superoxide dismutase (SOD)) and metabolites (nitrates and 8-oxo-deoxyguanosine) were determined. The degree of tissue
injury (total lesioned fibers and inflammatory cell count) was also evaluated. We observed an increase in CAT and SOD
expression levels under telmisartan treatment, with a decrease in injury and oxidative biomarker levels in the 72 h, 7-day, and
14-day subgroups. Telmisartan reduced oxidative stress and decreased the damage of the I/R lesion.

1. Introduction

Ischemia reperfusion (I/R) is a phenomenon that occurs after
the occlusion of arterial blood flow to a specific organ or tis-
sue. The ischemia causes an imbalance in metabolic substrate
levels on the exposed cells; depending on the hypoxia dura-
tion, several mechanisms, which can help cell survival or
induce further damage, are activated [1–3]. Reperfusion is
the restoration of the blood flow and reoxygenation of the
affected tissues. It is related to an exacerbation of the initial
lesion and followed by several physiopathological mecha-

nisms in the affected cells, such as increments of cations in
cytosol, formation of reactive oxygen species and nitrogen
species, disruption of the signaling redox (oxidative stress
(OS)), mitochondrial lesion, transcriptional reprograming,
endothelial lesion, no-reflow phenomenon, immunity-
mediated lesion, apoptosis, autophagy, and necrosis. From
all these processes, the pathological changes in the affected
tissue can be divided into acute (first 72 h) and chronic
(15–90 days) at onset, which are determined by factors, such
as the time of ischemia and the response to inflammation and
oxidative stress [3, 4]. These two processes produce tissue
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damage, leading to the malfunction or dysfunction of the
affected tissues by many mechanisms [3, 4]. The I/R phe-
nomenon impact is most pronounced in patients with myo-
cardial infarction or cerebral ischemia. Its repercussions can
produce deleterious effects in the patients, and their preva-
lence affects the health care system [5–8]. Despite the impact
of this phenomenon, no specific pharmacological approach
has been established to decrease lesion development [9].

In the OS component of the I/R lesions, the role of enzy-
matic scavengers such as superoxide dismutase (SOD) and
catalase (CAT) is crucial for cell survival [1–3], not only
because they are the first line of defense against reactive oxy-
gen radicals (ROS) and nitrogen (RNS) but also because their
absence or malfunction leads to signaling redox disruption in
the cell, inducing or increasing the I/R lesion. The I/R lesion
formation process may be complex because of all the patho-
physiological components, but the increase in enzymatic
scavengers’ expression, function, or activity may partially
improve the affected tissue survival [10, 11]. Several authors
have described that telmisartan, an angiotensin type 1
receptor antagonist and peroxisome proliferator-activated
receptor-γ (PPAR-γ) receptor partial agonist, produces a
beneficial effect on OS-induced damage in different patho-
logical process (diabetes, dyslipidemia, hypertension, cancer,
etc.) and has shown encouraging results even in the animal
models of I/R lesions [12–22]. Telmisartan has been shown
to affect the concentration and activity of some enzymatic
scavengers (SOD, CAT, NADPH, etc.), but its mechanism
of action and the impact on the extent of I/R lesion progres-
sion have not been well elucidated [12–22]. The effects of the
PPAR-γ receptor activation have shown expression in many
tissues, but its maximal expression has been shown in the
adipocyte and immune cells. The pathways involved in the
signaling effects are related to the activation of the extracellu-
lar signal-regulated kinase–mitogen-activated protein kinase
(ERK-MAPK) cascade, which can induce activation and dif-
ferentiation of macrophages, increasing the expression of
CD36, stimulating recruitment activity, and inducing the
survival of the cells under OS [23, 24].

We aimed to determine the effect of telmisartan on the
expression of SOD and CAT and on the production of
oxidative metabolites like nitrates (products of protein
nitrosylation) and 8-oxo-deoxyguanosine (products of
DNA oxidation). Furthermore, we evaluated the histological
impact of telmisartan on I/R lesion-induced muscle tissue
damage in the limbs of Wistar rats.

2. Material and Methods

2.1. Animals. Male Wistar rats, weighing 250–350 g, were
housed in colony rooms with a 12/12h light/dark cycle
at 21–25°C and had free access to food and water. All
animal experiments were performed in accordance with
the Centro Universitario de Ciencias de la Salud of the
Universidad de Guadalajara ethical committee regulations
(register number: CEI/19/2015). All guidelines for laboratory
animal care of the Mexican legislation were followed
(NOM-062-ZOO-1999).

2.2. Pharmacological Intervention. Telmisartan was obtained
in the form of tablets (from Boehringer Ingelheim) that were
powdered and titled according to each rat’s weight, using a
sterile technique, diluted with injectable water, vortexed,
and administered using an orogastric cannula. The drug
was administered at single doses of 20mg/kg/day, which
was selected taking under consideration other studies [22],
in the morning in the therapeutic intervention group,
whereas injectable water was used as vehicle for the no
therapeutic intervention group. The rats received telmisartan
or injectable water daily for 7 days prior to the induction of
an I/R lesion and following the induction of the lesion until
the sacrifice of the animals at the specified time points.

2.3. Experimental Procedure to Induce Ischemia Reperfusion.
All rats were anesthetized with an intraperitoneal injection
of Zoletil 50 (tiletamine 125mg/zolazepam 125mg) at a dose
of 40mg/kg and ketamine at a dose of 80mg/kg [25]. No
additional anesthesia administration was necessary during
the procedure.

The skin in the area of the procedure in the right inguinal
fold was disinfected and shaved; a 1 cm incisionwasmade and
dissection was performed using a dulled technique until the
vascular-nerve plexus. A tourniquet was placed on the entire
plexus using prolene 3-0 to induce ischemia in the gastrocne-
mius muscle, and the incision was closed using silk 3-0. Ische-
mia was maintained for 6 h. Following this, the animals were
anesthetized again; the incision was reopened; and for reper-
fusion, the tourniquet was removed, avoiding damage to the
plexus, using a fine blade under a magnifying glass and direct
visualization. After reperfusion, the animals were sacrificed
under anesthesia; blood and gastrocnemius muscle samples
were obtained for RNA extraction and histological analysis,
as well as for SOD, CAT, and 8-oxo-deoxgyuanosine quanti-
fication using enzyme-linked immunosorbent assay (ELISA)
and nitrite/nitrate quantification using colorimetric analysis.

2.4. Experimental Protocol. Overall, 50 rats were included in
the experiment and were divided into two groups of 25 rats
each. Group 1 received a therapeutic intervention (telmisar-
tan), whereas group 2 received only injectable water.

Both groups were subdivided into five subgroups (each
comprising 5 rats) based on 1 h, 24 h, 72 h, 7 days, and 14
days of reperfusion (Figure 1).

2.5. Gene Expression. The muscle samples were stabilized
using RNAlater from Thermo Fisher Scientific (Cat.
AM7020) and frozen at −80°C until RNA extraction was per-
formed. RNA extraction was performed from the muscle
samples within 24 h following the sacrifice. The samples were
cut in 50 to 100mg pieces, using a sterile technique, and
homogenized with TRIzol from Invitrogen (Cat. 15596026)
and TissueRuptor from QIAGEN. RNA concentration and
integrity were evaluated using the Eppendorf NanoDrop
spectrophotometer. RNAs isolated from different samples
had similar gel electrophoresis profiles. Total RNA yield from
each tissue sample (50–100mg) equaled at least 150 μg and
was sufficient for endpoint QRT-PCR analysis. cDNA syn-
thesis was performed using Verso cDNA synthesis from the
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Thermo Fisher Scientific kit (Cat. AB1453A) in a volume of
20 μL: cDNA synthesis 4μL, dNTP mix 2μL, RNA primer
1μL, RT enhancer 1μL, Verso enzyme mix 1μL, template
RNA 5μg, and DEPC water up to 20μL.

The primer was designed using the sequences from the
GenBank of the PubMed database and the program FastPCR
6.5 version. The primers had the following sequences: (1) for
SOD-2, FW TTC AGGGAAGCC ATT CAG CAC CAT and
RW ACT GTT ACC TTG TCA GGG A; (2) for CAT, FW
TTG GCA GAG CCT GAA GTC ACC ACT and RW TGG
TCA GGA CAT CGG GTT TCT G; and (3) for β-actin
(constitutive), FW AGT ACA ACC TTC TTG CAG CTC
and RW AGT CCT TCT GAC CCA TAC CC.

The gene expression levels were assessed using endpoint
QRT-PCR. The amplification reactions were performed in a
volume of 10 μL using the Thermo Fisher Scientific Dream-
Taq Green PCR Master Mix (Cat. K1089BID). The proce-
dure was performed using the DreamTaq Green PCR
Master Mix 5μL, FW primer 0.5μL, RW primer 0.5μL,
template 1μL, and injectable water 3μL. Tm-normalized
hybridization conditions were as follows: initial denaturaliza-
tion for 1min at 95°C, 40 amplification cycles (30 s/95°C,
30 s/57°C, and 1min/72°C), and extinction for 7min at
72°C. Hybridization was performed in triplicates in a Thermo
Scientific thermal cycler. Samples were run on a 1% agarose
gel at 70mV, 400 amp for 45min in a Bio-Rad electrophore-
sis chamber and visualized in a 360nm transilluminator; the
obtained images were evaluated using the program “ImageJ”
for all sample quantifications [26].

2.6. Biochemical Assay. SOD-2, CAT, and 8-oxo-dG residue
protein levels were measured using sandwich ELISA kits
(R&D Cat. DYC3419-5, MBS Cat. 701908, and Trevigen
Cat. 4380-096-k, respectively). Nitrite concentration was
determined using a colorimetric assay kit (Sigma cat.
23479-1KT-F). All experimental procedures were performed
following the manufacturers’ specifications. The Sinergy

HT spectrophotometer was utilized for processing and the
program GEN5 11 version for curve plots and calculations.

2.7. Histological Tissue Evaluation. The tissue samples were
immersed in 4% paraformaldehyde and processed into
5 μm sections from the proximal, medial, and distal areas
of the right gastrocnemius muscle. They were subsequently
processed in a paraffin bath and stained with hematoxylin
and eosin. Microscopic evaluation was performed under an
Axiostar plus microscope. Images were captured using the
Carl Zeiss Axiocam, and measurements were performed
using the AxioVision 8.1 program.

Cell and tissue damage was evaluated independently by
three different pathologists, using full-frame counting,
fourfold, and stratified techniques [27]. The lesioned muscle
fibers were assessed individually, and inflammatory cells
were accounted for.

3. Statistical Analysis

Data are expressed as mean ± standard error of the mean.
Normality of the data was assessed using the Shapiro–Wilk
test. For between-group comparisons, the Kruskal–Wallis
test, followed by the Mann–Whitney U test, was used. p
values < 0.05 were considered significant.

4. Results

4.1. Effect of Telmisartan on Gene Expression. Data quantifi-
cation was performed using the ImageJ program by measur-
ing optical densities (ODs) [28]. OD normalization for each
sample was performed using a constitutive gene (β-actin).
For gene expression comparisons, OD from the no treatment
group was divided by that from the treatment group. The
normalization procedure was performed by measuring the
gel image of each gene in triplicates, averaging the values,
and dividing the constitutive gene value by the
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Figure 1: Group organization. Ischemia was induced for 6 h in all groups.
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corresponding gene sample value. For the comparison of
samples, the normalized values of the expected gene were
divided by the values of the gene of interest
( I/R / IR + Telm ). Data were normalized to 1 and plotted
in arbitrary expression units (AEUs) for analysis using
GraphPad Prism 6.1 [29].

SOD-2 gene expression demonstrated upregulation in
the 1 h (3.012 AEU), 24 h (2.994 AEU), and 72 h (3.010
AEU) telmisartan treatment subgroups compared with
the control subgroups (p < 0 0006) and demonstrated a
decrease in the 7-day (0.5049 AEU) and 14-day (0.5669
AEU) telmisartan subgroups (p < 0 0006) (Figure 2(a)).

CAT gene expression demonstrated significant upregula-
tion in the 1 h telmisartan subgroup (1.916 AEU) compared
with the control subgroups (p < 0 001). No differences were
detected in the 72 h subgroup; however, a significant decrease
in gene expression was detected in the 24 h (0.771 AEU),
7-day (0.060 AEU), and 14-day (0.334 AEU) telmisartan sub-
groups compared with the control subgroups (p < 0 0006)
(Figure 2(b)).

4.2. Effect of Telmisartan on Catalase and Superoxide
Dismutase Protein Levels. CAT protein levels were
significantly increased in the 1 h (844.3mIU/mL), 72 h
(905.5mIU/mL), 7-day (1218mIU/mL), and 14-day
(2239mIU/mL) telmisartan subgroups compared with the
control subgroups (p < 0 05); however, these levels were
decreased in the 24 h telmisartan subgroup (410.6mIU/mL)

compared with the control subgroups (p < 0 05)
(Figure 3(a)). In the intragroup comparison of the telmisar-
tan subgroups, a significant decrease in the CAT protein
levels was found between the 1 h and 24 h subgroups,
although the remaining subgroups showed a significant
progressive increase from the 24h to the 14-day subgroup
(p < 0 0001) (Table 1).

SOD protein levels showed a significant increase in the
1 h (689.8 pg/mL) and 72 h (540.9 pg/mL) telmisartan
subgroups compared with the control subgroups (p < 0 05).
Furthermore, these levels demonstrated a significant decrease
in the 14-day (425.2 pg/mL) telmisartan subgroup compared
with the control subgroups (p < 0 05); however, no differ-
ences were observed between the 24 h and 7-day subgroups
(Figure 3(b)). In the intragroup comparison of the telmisar-
tan subgroups, a significant decrease in the levels was found
between the 1 h and other subgroups (p < 0 001), but no
differences were found among the 24 h, 72 h, 7 day, and 14
day subgroups (Table 1).

4.3. Effect of Telmisartan on Oxidative Metabolites. 8-Oxo-
dG concentration was significantly decreased in the 72h
(5,347 pg/mL), 7-day (6,296 pg/mL), and 14-day
(8,926 pg/mL) telmisartan subgroups compared with the con-
trol subgroups (p < 0 001); however, the 24 h subgroupdidnot
show any significant difference. Furthermore, 8-oxo-dG levels
were significantly increased in the 1 h telmisartan subgroup
(17,271 pg/mL) compared with the control subgroups
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Figure 2: Gene expression of superoxide dismutase and catalase. (a) Comparison catalase gene expression between group 1 and group 2.
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(p < 0 001) (Figure 3(c)). In the intragroup comparison of the
telmisartan subgroups, a significant and progressive decrease
was observed in 8-oxo-dG levels from the 1 h to the 72h sub-
groups (p < 0 001); nevertheless, a progressive increase was
detected in the 7-day and 14-day subgroups compared with
the other subgroups (p < 0 0001) (Table 1).

Nitrate concentration was significantly decreased in
the 24 h (2,438 pg/μL), 7-day (1,412 pg/μL), and 14-day
(2,131 pg/μL) telmisartan subgroups compared with the
control subgroups (p < 0 005). A significant nitrate con-
centration increase was detected in the 1 h (4,549 pg/μL)
and 72 h (3,754 pg/μL) telmisartan subgroups compared
with the control subgroups (p < 0 0001 and p < 0 0005,

respectively) (Figure 3(d)). In the intragroup comparisons
of the telmisartan subgroups, three significant peaks of
nitrate concentration increase in the 1 h, 72 h, and 14-day
(p < 0 0001) telmisartan subgroups as well as two significant
peaks of decrease in the 24h and 7-day telmisartan sub-
groups were observed (p < 0 001) (Table 1).

4.4. Effect of Telmisartan on Tissue Lesions. The lesion assess-
ment (Figure 4) was performed using full-frame counting,
fourfold, and stratified techniques. The comparison was done
using three variables: lesioned muscle fibers, inflammatory
cell infiltrates, and nonlesioned fibers [27]. Tissue damage
was defined as a fiber injury characterized by broken or
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ragged borders, inconsistent texture and color throughout
the myocyte, presence of holes, and/or detached nuclei.
Uninjured muscular fibers were characterized by well-
defined borders, uniform texture and color throughout the
myocyte, and absence of holes or ruptures in membranes.
Pericellular nuclei or satellite cells could be observed adjacent
to uninjured myocytes. Because of the hematoxylin and eosin
(H&E) stain, it is not possible to precisely differentiate the
type of inflammatory cells, so all the inflammatory cells were
counted one by one and evaluated as a whole, using the same
technique for each picture, and independently by three
different pathologists.

The inflammatory cell infiltrate was significantly
decreased in the 24 h (193.3 cells), 72 h (305.3 cells), and 7-
day (383.8 cells) telmisartan subgroups compared with the
control subgroups (p < 0 007, p < 0 003, and p < 0 01, respec-
tively) (Figure 5(a)). Furthermore, the inflammatory cell
infiltrate was increased in the 1 h (427.8 cells) and 14-day
(923.4 cells) telmisartan subgroups compared with the con-
trol subgroups (p < 0 0001 and p < 0 007, respectively)
(Figure 5(a)). In the intragroup comparison of the telmisar-

tan subgroups, a significant decrease was detected in the
24 h subgroup (p < 0 001); nevertheless, a significant progres-
sive increase from the 24 h subgroup to the 14-day subgroup
was detected (p < 0 0001) (Table 1).

The number of injured fibers was decreased in the 72h
(15.5 cells), 7-day (7.4 cells), and 14-day (0 cells) telmisartan
subgroups compared with the control subgroups (p < 0 0008,
p < 0 01, and p < 0 0001, respectively). No significant differ-
ences were detected in the 1 h and 24 h telmisartan subgroups
(Figure 5(b)). In the intragroup comparisons of the telmisar-
tan subgroups, a progressive decrease until the 14-day
subgroup was detected (p < 0 0001) (Table 1).

5. Discussion

OS has been shown to play an important role in the devel-
opment and propagation of permanent injury in I/R
lesions [1–3]. Under physiological conditions, scavenger
systems, including the enzymes such as SOD and CAT,
control OS [10, 30–32]. The enzymes are initially responsible
for the reduction of excess OS, and their role in signaling

Telmisartan (+)

Telmisartan (−)

Figure 4: Histological hematoxylin and eosin stain evaluation. (A) I/R 1 h control group: in the delineated black mark, the increase of the
interstitial space is observed. (A′) I/R+Telm 1 h group. (B) I/R 24 h control group. (B′) I/R+Telm 24 h group. (C) I/R 72 h control group:
the black arrows pinpoint the absence of muscular cells with the delimitation of the stain; the black circles show fragile places at the
moment of the cut. (C′) I/R+Telm 72 h group. (D) I/R 7-day control group. (D′) I/R+Telm 7-day group. (E) I/R 14-day control group: its
observed reorganization and compaction of the tissue. (E′) I/R+Telm 14-day group: its observed reorganization and compaction of the
tissue; inflammatory cells are increasing in comparison with the control group. The black scale bar represents 200μm. 100x in all pictures.
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Figure 5: Inflammatory and injured cells. Comparison between therapeutic intervention (telmisartan) and control groups: (a) full count of
inflammatory cells; (b) full count of injured cells. ∗p ≤ 0 05, ∗∗p ≤ 0 005, and ∗∗∗p ≤ 0 0005.
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redox modulation is crucial. However, during reperfusion,
these systems are overwhelmed, and the overproduction of
free radicals (ROS and RNS) results in the oxidation of
multiple cellular molecules through such proteins (NO3

−)
and DNA (8-oxo-dG) (Figure 6). Telmisartan has been
described as a modulator of some oxidative and antioxidant
biomarkers, but its mechanism of action is not well under-
stood [15, 18, 20, 21, 33–39]. In the present study, we found
that telmisartan produced changes in the SOD-2 and CAT
gene expression but to a different degree and time-course
regarding reperfusion.

CAT expression modulation has been described as an
adaptive response for cell survival after OS injury; further-
more, telmisartan treatment after OS injury has been shown
to increase CAT activity and concentration [39–41]. We
observed an increase in CAT gene expression and protein
concentration only in the 1 h subgroup without any changes
in the concentration of oxidative biomarkers and extent of
tissue injury. Nevertheless, CAT protein levels decreased in
the 24 h subgroup and subsequently persistently increased
in the 72h, 7-day, and 14-day subgroups; this was associated
with a decrease in the extent of injured tissues and expression
of oxidative markers.

CAT gene expression is a complex process; this is posi-
tively regulated by the presence of PPAR-γ through a
response element at −12 kb from the transcription initiation
site of the human catalase gene. Excess reactive oxygen and
nitrogen species can induce a negative CAT and PPAR-γ
gene expression [40, 42–46], reducing CAT and PPAR-γ
protein levels in the affected tissues. In addition, during the
reparation process, the signaling pathways mediated by
TGF-β and TNF-α were activated throughout the inflamma-
tory processes, consequently downregulating the CAT gene
expression [40, 42–46]. Telmisartan directly increases
PPAR-γ gene and protein expression, consecutively increas-
ing the CAT gene expression [39, 41].

The behavior of the CAT gene expression during the first
hour reflected a preconditioning effect, which produces an
overexpression of CAT, increases the protein levels, and
prepares the cells to tolerate oxidative stress. However, at
24 h of reperfusion, we can see a significant decrease in the
CAT gene expression due to the overproduction of ROS
and RNS, which surpasses the preconditioning effect caused
by telmisartan. This negative feedback in the CAT gene
expression is observed in all body cells due to the fact that
ROS and RNS are released in the body; however, telmisartan
could have an effect in the nonaffected cells, which are over-
expressing CAT; thus, we can see a normalization on the
levels of CAT gene expression and an increase in the levels
of CAT protein in serum at 72h. As a consequence to I/R
in locally affected tissues, we see a decrease of the CAT gene
expression at 7 and 14 days accompanied with an increase of
CAT protein in serum. To explain this behavior, we could
take into account the downregulation induced by the
activation of the inflammatory and reparation mechanisms
(TGF-β and TNF-α) in the affected tissues at 72 h, which
decrease gene expression. The increase of the CAT protein
is related to the continuous effect of telmisartan on the non-
affected cells. These changes correlate with the tissue repara-

tion, which starts at 72 h and is completely established at 14
days (histological images). The direct and indirect effects of
telmisartan in the immune system were beneficial to the early
recovery of the damaged cells. The histological stains with a
higher immune cell count demonstrated a better recruitment
of inflammatory cells in the tissue affected by I/R and dis-
played a faster recovery of the tissue compared with those
not treated with telmisartan.

SOD-2 is the first enzymatic scavenger after an OS
perturbation, and its expression is upregulated when an
inflammatory process is coactivated [47–52]. In our study,
SOD-2 gene expression (in the 1 h, 24 h, and 72 h subgroups)
and protein levels (in the 1 h and 72h subgroups) were
increased; however, this high gene and protein expression
apparently had no impact on the extent of tissue injury in
the 1 h subgroup (Figure 5(b)). Nevertheless, among the
telmisartan subgroups, we observed a decrease in gene
expression in the 7- and 14-day subgroups, but not in the
protein levels in the 24 h and 14-day subgroups. We did not
measure enzyme activity; however, we propose that telmisar-
tan may increase CAT and SOD bioavailability because we
detected an increase in protein levels without gene expression
increase after treatment with it.

The variability in NO synthase explains the behavior of
the levels of nitrates during the experiment, due to the fact
that it is modulated by multiple mechanisms, local and
systemic [53–55]. There are differences in these regulation
mechanisms for the different isoforms of this enzyme (endo-
thelial, neuronal, mitochondrial, and inducible) [53–58].

Telmisartan and other ARB increase the expression and
the activity of eNOS in endothelial cells, giving protection
in circumstances of stress [53, 55, 59]. However, in the pres-
ence of severe hypoxia with an excessive production of ROS
and RNS, eNOS will induce a rearrangement of these
enzymes in the cellular membrane and a malfunctioning that
will affect the production of NO [35, 53, 54, 56, 57, 60].

Great quantities of ROS cause a systemic effect that
decreases the expression and activity of SOD, which coin-
cides with the decrease of nitrates we observed during the
first 24 hours and is related with the inactivity of eNOS.
We consider that once the activity of endothelial eNOS
and ROS is regulated through other modulation mecha-
nisms such as those mediated by the immune system,
there is a decrease in the concentration of systemic
nitrates, which is what we would observe at 72 hours
and 14 days.

Telmisartan may decrease oxidative biomarker levels
and improve injury recovery through OS and inflamma-
tory response modulation in the local tissue. In our study,
telmisartan’s effect on injury attenuation and OS product
reduction was present between 24 h and 14 days. Analyz-
ing the lesion extent and progress in nontreated rats from
the start (1 h) to the time when recovery of the lesion (14
days) is observed, we conclude that the progress of the I/R
lesion is divided into two periods. The first is damage lim-
itation that can occur until 7 days after the start of the
reperfusion. The second is the start of the reparation pro-
cess that can be underhanded since the first 72 h after the
start of the reperfusion. The repair mechanism activation
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Figure 6: Modulation of oxidative stress during the I/R lesion. (a) Production of OS during the I/R lesion without telmisartan; overproduction
of ROS and RNS overpasses the enzymatic scavenger systems, increasing the damage of the components of the cell such as DNA and proteins.
(b) Modulation of OS by telmisartan; producing the increase of SOD and CAT that induces reduction of ROS and RNS.
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involves many regulatory steps that are influenced by local
and systemic responses that exceed the scope of this study.
Nevertheless, these two processes are probably coactivated
by several gene regulation and signaling mechanisms. One
of the most important check points should be OS modula-
tion because we demonstrated that enzyme system modu-
lation improves the damage limitation and the recovery
process. We also evaluated the presence of immune mod-
ulation by telmisartan [19, 20, 33, 37, 61, 62], apparently
increasing the recovery effect on the muscle skeletal cells.
Telmisartan affected the inflammatory response by causing
a continuous increase in inflammatory cell infiltration, but
at the same time, tissue damage improvement in the mus-
cle skeletal cells was demonstrated for the first time.
Apparently, the influence of telmisartan on gene expres-
sion within the first 72 h and the increase in the bioavail-
ability of enzyme systems that modulate OS help in the

upregulation of the reparatory immune cells, besides over-
activation of the damage limitation of the immune system.
However, because no specific biomarkers of inflammatory
response and histological markers exist, no definitive con-
clusions can be drawn.

6. Conclusions

Telmisartan treatment results in the upregulation of the
enzyme scavengers SOD and CAT during an I/R lesion
formation, possibly not only through gene expression
induction but also through prolongation of the lifespan
of the enzymes (Figure 7). Modulation of gene expression
of SOD and CAT levels contributes to the recovery as well
as to a decrease in the damage during the late phase of the
I/R lesion.
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